Background: Availability of reliable energy supply plays a critical role in the social, economic, and cultural transformation of society. The Uganda electricity sector has suffered long standing supply side constraints that resulted in suppressed demand and outages. Recent developments, including the completion of the 250 MW Bujagali project in 2012, have resulted in sustained growth in peak demand. However, this growth in peak demand appeared to stagnate by 2013. This study examines the recent trends as well as forecast the medium term path of electricity peak demand in Uganda.
Background
Availability of reliable energy supply is critically important for economic growth, poverty reduction, and the social and cultural transformation of society [1] [2] [3] . Deficient electricity infrastructure curtails social and economic development [4] . Proper energy planning ensures the sustainable development of energy systems that meet the growing energy demands. Electricity peak load modeling and forecasting is an important aspect of energy sector planning and management [5] . Electricity peak demand refers to the highest amount of electricity that an electrical system must supply to all its customers at any given time, in any one period such as a month [6, 7] . Peak demand occurs when the demand for electricity sharply increases (spikes) in magnitude compared to a normal trend. The spike in demand can be short-lived or last for a longer period.
Demand for electricity generally follows a cycle throughout the day. 1 The cycle is such that total demand is at peak between 19 and 23 h, declines from 24 h reaching the lowest level at 05 h. This load profile reflects strong industrial demand for electricity which accounts for 62 % of electricity consumption in Uganda. The share of electricity demand by the different categories of consumers, including industrial, commercial, and domestic consumers, and export is shown in Fig. 1 . This demand at any given point in time of the day closely mirrors the consumption patterns in the various sector categories. For example, an industrial facility that switches on more machines at the start of a production shift, such as in the morning at 8 am, or even an office complex switching on the central air conditioning system in the early morning. In such circumstances, electricity demand may spike culminating into temporary or sustained peak demand.
Unmet electricity peak demand that outstrips infrastructure generation, transmission, and distribution capacities stresses networks and may result in short-term drop in voltage leading to outages [8] . Unmitigated electricity outages have significant undesirable social and private impacts [9] [10] [11] [12] [13] [14] .
The Uganda electricity sector has suffered long standing supply side constraints that resulted in suppressed demand and outages [15] . Recent developments, including the completion of the 250 MW Bujagali project in 2012, have resulted in sustained growth in peak electricity demand, culminating into spikes in total peak demand in June 2012 (518 MW) and December 2012 (544 MW) as shown in Fig. 2 .
However, growth in peak demand appeared to stagnate by 2013, averaging 493 MW. This apparent stagnation in peak demand concerned stakeholders, including government, especially given the ongoing efforts to increase electricity generation that have primarily focused on exploiting hydropower by expediting the construction of the 183 MW Isimba and 600 MW Karuma Hydro Power Projects whose expected completion dates are 2017 and 2019, respectively.
Despite these concerns, studies on electricity peak demand have attracted little attention. Okoboi and Mawejje [16] have attempted to account for this stagnated peak electricity demand by examining the impact of adoption of power factor correction technology. Other studies have evaluated the possible role of renewable energy-such as solar-as a substitute for grid supplied electricity [17, 18] . Despite these efforts, however, more analysis is required to fully understand the dynamics of electricity peak demand in Uganda. This is even more important considering that the country has prioritized electricity generation as critical for greater economic performance and social transformation [19] .
Against this background, this paper examines the recent trends in electricity peak demand in Uganda as well as forecast the medium term path of peak demand. We decompose the trend in electricity peak demand, in particular at transmission level, to try to establish the underlying drivers of the trend. Specifically, this paper considers the following objectives: (1) examine the trend of peak demand; (2) assess the significance of electricity exports in total peak demand; (3) examine the likely shift in domestic electricity consumption from peak to other (shoulder and off-peak) time-of-use (TOU) zones; (4) examine the relationship between industrial production and domestic electricity peak demand; and (5) forecast the medium term path of electricity peak demand in Uganda.
Using descriptive data exploration analysis and polynomial functions augmented by empirical estimations of structural break equations, we show that the recent surge in electricity peak demand is due to increased electricity exports. Moreover, we show a shift in electricity demand from peak to nonpeak time-of-use, possibly due to changing consumption patterns particularly in the industrial sector.
The remainder of this paper is organized as follows: The "Context" section provides the context with regard to the Uganda electricity sector. The "Methods" section introduces the methods used in the analysis. Results are presented and discussed in the "Results and discussion" section. The "Conclusions" section provides the conclusions and recommendations.
Context
Uganda is one of few African countries that fully unbundled the electricity sector, devolved the role of government in the sector, and allowed private sector participation. The reforms in Uganda's electricity sector were motivated by a quest to improve overall sector efficiency [20, 15] . The general idea behind the reforms in the electricity sectors across many countries, including in sub-Saharan Africa, was that private sector participation would enable increased supply of reasonably priced and reliable electricity [21] . Recent detailed discussions of the electricity sector reforms in Uganda can be found in [15] and [22] . The timeline of Uganda's electricity sector reforms is shown in Table 1 .
In general, the performance of Uganda's electricity sector has improved greatly, albeit slowly, since the reform period. With a generation capacity of 867 MW and available capacity of some 600 MW against peak demand for electricity estimated at 550 MW, Uganda now has surplus electricity. Consequently, periods of load shedding have greatly reduced, and new connections and access have accelerated. The completion of the 250 MW Bujagali plant, the 9.5 MW plant at Buseruka, and the 3.5 MW plant at Nyagak coupled with the completion of a number of mini-hydroplants has provided great reprieve to the Uganda electricity industry and for the first time in over three decades Uganda has enough electricity to satisfy peak demand. This has led to the decommissioning of two of the emergency thermal plants. In addition, the 9.5 MW bagasse co-generation project at Lugazi Sugar Cooperation of Uganda Limited (SCOUL) was completed raising total installed capacity from about 540 MW in 2005 to 870 MW by 2015 (Table 2) .
To date, the generation capacity eclipses the prereform installed capacity-a milestone that only a few African countries have managed [15] .
In a bid to save the scarce available resources and instead focus attention on securing future electricity supply, the Government scrapped subsidies to the electricity (Fig. 3) .
Developments in distribution
The reforms in Uganda's electricity sector necessitated the pursuit of a private sector-led industry. The Uganda electricity distribution network, formerly managed under the Uganda Electricity Board (UEB)-a government parastatal-was concessioned to Umeme Limited in 2005 under a 20-year lease contract. In a bid to speed up rural electrification, a few small distribution companies and cooperatives were granted licenses to distribute electricity in some of the most remote areas of Uganda. Consequently, the distribution network has been expanded with investments made by both the private sector and the Rural Electrification Agency (REA). The list of companies currently distributing electricity in Uganda is provided in Table 3 .
Electricity access and consumption
Despite the developments in the electricity industry, Uganda has recorded slow progress in ensuring that majority of rural Ugandan households have access to electricity. Per capita electricity consumption is estimated at 75 kWh and is one of lowest in the world with unequal access rates for rural and urban households [23] . Figure 4 shows the regional comparison of electricity consumption per capita.
At the national level, 14 % of all households have access to electricity. This represents a remarkable improvement from 7.5 % in 1999 when the reforms started. However, while the urban electrification rate is 40 %, the rural electrification rate is much lower: in 2014, a whopping 95.6 % of all rural households did not have access to electricity on the national grid (Fig. 5) .
In addition, consumption per connection is not only low but declining with new connections and the commercial and financial performance of rural electricity distribution companies is, therefore, not sustainable (Fig. 6) .
In addition to social and cultural barriers, the major constraints to rural electrification are problems with rural isolation, power theft, insufficient supply, and the high costs that have inhibited rural communities from gaining access to electricity. Consequently, Uganda still compares unfavorably with its region neighbors with regard to household access to electricity. Indeed, Uganda's electrification rate of 14 % is lower than that of Kenya which stands at 29 % and Tanzania which is 16 % (Fig. 6 ).
Reliability of electricity supply
The provision of reliable and affordable electricity is very important for economic growth and business competitiveness. As discussed earlier, Uganda has made some progress towards ensuring the adequate availability of electricity. However, many businesses continue to report the reliability of electricity supply as the top obstacle for doing business in Uganda [24] . Data from the World Bank (2013) enterprise surveys shows that the average duration of a typical electricity outage is longer (6.8 h) than the sub-Saharan Africa average (4.6 h) and associated losses are larger (Table 4) . Consequently, many businesses have invested in backup generators with deleterious consequences for investments in productive capital and scale economies [11] .
In line with industry best practices, the Electricity Regulatory Authority (ERA) has promoted new initiatives such as prepaid metering and aerial bundle conductors (ABC) to enhance energy use efficiency and reduce peak demand at low voltage level. In addition, the Government has partnered with the distribution companies to distribute free energy saving bulbs to electricity consumers as a demand side management (DSM) option to shave-off peak demand.
With regard to sector regulation, ERA has continued to pursue incentive-based regulation as an effective DSM option to mitigate the forecasted growth in peak demand until the planned small renewable energy resources under the GETFIT Project are expected to be commissioned between 2017 and 2018 start supply power to the grid.
Tariff determination
Electricity tariff determination in Uganda follows the automatic adjustment mechanism introduced by the sector regulator in 2012. The inputs into the tariff computation include exchange movements (Uganda shilling against the US dollar), the fluctuations in oil prices on the international market as well as local inflation levels. In addition, Table 5 . Essentially, time-of-use metering is meant to improve efficiency in electricity consumption by offering lower tariffs during off-peak and shoulder times. This is intended to incentivize increased consumption at nonpeak times. For example, the currently peak tariff is 20 % above shoulder tariff and off-peak is 20 % less shoulder tariff.
Methods

The data
The data used in this study is from three sources, namely: Uganda Electricity Transmission Company Limited (UETCL), Umeme Limited, and Uganda Bureau of Statistics (UBOS). System data on power and energy purchases from electricity generation companies, sales to distribution companies, and imports and exports from and to Kenya, Tanzania, Rwanda, and Democratic Republic of Congo was obtained from UETCL. Distribution data on energy sales to different customer categories (Domestic, Commercial, Medium and Large Industries, and Street Lighting) at different time-of-use (TOU) periods was obtained from Umeme Limited. The proxy for industrial production-the Index of Industrial Production (IOP)-was obtained from UBOS. The data from UETCL and Umeme are monthly and span the period January 2011 to August 2014. The data from UBOS are quarterly and span the period 2011Q1 to 2014Q1. The descriptive statistics of the variables used in the analysis are presented in Table 6 . All analyses except for The descriptive statistics indicate that between January 2011 and August 2014, the registered system electricity peak demand has ranged between 428 and 550 MW with average peak demand of 482 MW. The energy losses average 3.6 % of total purchases at transmission system level while at distribution level (Umeme Limited), energy losses average 26 % of purchases from the system operator.
To improve the efficiency of the results from the analysis, the data were transformed into natural logarithms and the econometric analysis involved robust and bootstrapped standard errors where applicable.
Estimation methods
The study adopted a number of estimation methods for the analysis as detailed below: a) Trend and descriptive statistical analyses were used to examine the trends of peak demand; b) Bootstrapped linear regression models were used to assess the significance of electricity exports in total peak demand. Bootstrapped methods were adopted because they basically replicate the observations to the desired level and improve the efficiency of the estimates especially where the sample is relatively small [25] .
With regard to bootstrapped linear regression modeling, Eqs. (1) and (2) below were estimated.
Whereby tp = total peak demand, measured in megawatt (MW); ex = total electricity exports demand, measured in gigawatt hours (GWh); umeme = UETCL energy sales (GWh) to Umeme that distributes up to 96 % of electricity generated in Uganda; other = UETCL energy (GWh) sales to other electricity distribution companies in Uganda that include Uganda Electricity Distribution Company Limited (UEDCL), Ferdsult Engineering Services Limited (FESL), Kilembe Investment Limited (KIL), Bundibugyo Electricity Cooperative Society (BECS), Pader-Abim Community Multipurpose Coperative Society (PACMECS), and Kyegegwa Rural Electricity Cooperative Society (KRECS); loss = energy losses (as a percentage total energy sales by UETCL-the system operator) experienced at transmission level; upk = UETCL energy sales to Umeme at peak (18:00-23:00 h) TOU zone; opk = UETCL energy sales to Umeme at off-peak (23:00-05:00 h) TOU zone; ush = UETCL energy sales to Umeme at shoulder (05:00-18:00 h) TOU zone; ε = error term representing any other factors not included in the equation but may have an impact of peak demand; and β = parameters to be estimated while i = 1, 2,…, n is the number of observations from first to the last (n).
UETCL energy sales to Umeme are disaggregated into peak, off-peak, and shoulder TOU zone sales in Eq. (2). The disaggregated data was included to examine the differentiated effects of individual TOU sales-particularly peak sales-on total peak demand. Off-peak 24.00-06.00
Okoboi
c) Fractional polynomial functions were estimated to determine the likely shift in domestic electricity consumption from peak to other (shoulder and offpeak) time-of-use (TOU) zones. The advantage with fractional polynomial functions is that they use the full information and search for the optimal functional form within a flexible class of functions [26] .
To confirm the robustness of the graphical results from the first method, structural break models stated in Eq. (3) were estimated. ε, z, and w = errors terms for the respective equation specifications above; and α, γ and δ = parameters to be estimated while i = 1, 2,…, n is number of observation from first to the last (n).
When the coefficients of dummy variable α 2 ð Þ and interaction term (α 3 ) in Eq. (3a) are statistically significant, it implies that the magnitude of the peak-nonpeak slope (change in peak demand arising from a unit change nonpeak demand) for the period January 2011 to December 2012 and the January 2013 to August 2014 period is different. The actual magnitudes of the slopes are reflected in the coefficients γ 1 and δ 1 of Eqs. (3b) and (3c), respectively. To verify that the slopes of Eqs. (3b) and (3c) are different and hence there may be a shift in peak demand, the Hausman F test of equality of coefficient of two regression models [27] has been estimated.
d) GLM and fractional polynomials were used to estimate the relationship between industrial production and domestic electricity peak demand. With respect to the GLM, the estimated model is stated in Eq. 4.
Whereby dpk = domestic average or maximum peak demand, measured in GWh; iop = index of industrial production, which measures (as percentage) performance of the industrial sector in current quarter compared to previous quarter given the base period. μ = parameters to be estimated while i = 1, 2,…, n is number of observations from first to the last (n). ε = error term representing any other factors not included in the equation but may have an impact of peak demand; and under the graphical fractional polynomials method, a scatter and predicted trend of average and maximum domestic peak demand against index of industrial production (IOP) are plotted using quarterly data transformed into natural logarithms.
e) The double exponential smoothing methods were applied to the predicted values of total peak demand derived from the estimated Eq. (1) to predict the medium term path of electricity peak demand.
Following the Holt-Winters formulation, in this paper, the double exponential forecasting model used to forecast total peak demand is stated as in Eqs. (5a)-(5c).
Whereby y t = actual total peak in time t; α = constant-process smoothing constant; β = trend-smoothing constant; C t = smoothed constant-process value for period t; T t = smoothed trend of total peak demand for period t; F t = forecast total peak demand for period t + 1; t = current time period; and t − 1 = previous time period.
Results and discussion
Trends in electricity peak demand
Following the relatively stable electricity peak demand in 2013, many stakeholders in Uganda's ESI expected the trend of peak demand to remain stable or even decline in 2014. These expectations were based on a 2014 review of end-user TOU tariff weighting factors that were increased from 10 to 15 % during peak TOU zone and downwards from −10 to −15 % during off-peak TOU zone compared to shoulder TOU zone.
Results from the 9-month trend of the peak demand in 2014 show that peak demand has consistently increased in 2014 compared to 2013 as indicated in Fig. 1 . In May 2014, peak demand reached 550 MW thereby surpassing the highest record of 544 MW attained in December 2012. A comparison of the total peak demand to domestic demand suggests that the recent upsurge of total peak demand may be associated with increased exports of energy by UETCL given that 2014 domestic peak demand remained fairly and comparable to that of 2013.
Effect of electricity exports on total peak demand
In a bid to understand the drivers of peak demand, some stakeholders have pointed at the possibility of Uganda's power exports to Kenya, Tanzania, Rwanda, and Democratic Republic Congo as being a key driver given that most of the exports are at peak TOU zone. That is, the time at which UETCL dispatches most of energy exports is largely in the evening, between 18 to 23 h, which coincides with Uganda's peak TOU zone (Fig. 7) .
As stated in the background, one of our objectives of this study was to examine the magnitude and impact of energy exports on the peak demand. The results of this analysis are contained in Table 6 . Table 6 presents the bootstrapped regression of total peak demand against UETCL disaggregated energy sales to domestic and export markets. In the first regression, domestic sales are disaggregated into sales to Umeme Limited, that is, the major distributor with about 96 % share of the domestic markets; other distributors; and UETCL technical losses. In the second regression, energy sales to Umeme are further disaggregated by TOU-that is, peak, shoulder, and off-peak sales.
Starting with the robustness of the results, Wald chi 2 results in Table 7 for both regressions 1 and regression 2 are robust and the models explain up to 78 % (adjusted R 2 ) of relationships between the total peak demand and the explanatory variables.
Increase in energy exports, sales to Umeme and sales to other distributors by UETCL, has a statistically significant (p < 0.01) impact on peak demand. In addition, an increase in total net exports by 10 GWh has 0.8 % impact on peak demand whereas 10 GWh increase in energy sales to Umeme leads up to 3.5 % increase in peak demand and 10 GWh increase in energy sales to other electricity distributors leads up to 0.9 % increase in peak demand.
To understand the most likely underlying relationship between peak demand and energy exports and sales to Umeme, two polynomial graphs of the estimated relationships are presented in Fig. 8 . The polynomial in Fig. 8a (peak demand-export sales) is convex upwards (or concave downwards) given the dotted line that connects the two ends of graph is below the graph while the polynomial in Fig. 8b (peak demand-Umeme sales) is convex downwards (or concave upwards) given the dotted line that connects the two ends of graph is above the graph. The implication of convex upward graphs in Fig. 8a is that more export sales will be required for a unit increase in peak demand compared to the concave upward graph (sales to Umeme) in Fig. 8b . This therefore validates reliability of the results in Table 6 .
In the second regression in Table 6 , the results indicate that when UETCL energy sales to Umeme are disaggregated into peak, shoulder, and off-peak sales, there is a positive relationship with peak demand but the relationships are not statistically significant. In the same regression, the coefficients of UETCL energy exports and sales to other distributors have the same magnitude, impact, and statistical significance on peak demand as that in regression 1.
Relationships between electricity peak to nonpeak demand
In an effort to understand the likely causes of the relatively stable peak demand in 2013-which was expected to continue in 2014, some stakeholders in the ESI pointed to the possible shift in energy consumption from peak TOU zone to other (shoulder and off-peak) TOU zones. When there is a shift in energy consumption from peak to nonpeak TOU zones, this implies that on the one hand there would be a decrease in the growth of energy sales at peak TOU and on the other hand an increase in growth of energy sales at nonpeak TOU zone. This change in pattern of peak vis-à-vis nonpeak demand can be observed either at transmission and/or distribution level.
At the transmission level, a change in the pattern of energy sales can be analyzed using the estimated Notes: 1) z values based on bootstrapped standard errors; 2) significance levels: *** = significant at the 1% level, ** = significant at the 5% level, *= significant at the 10% level fractional graphs for both peak and nonpeak demand (Fig. 9 ). An alternative method involves examining the change in peak and nonpeak demand patterns by comparing the coefficients from estimated equations relating peak to nonpeak demand before and after the year 2013. In order to make the robust comparisons, in Fig. 8 , actual peak demand data has been multiplied by a scale of 2. The depiction of the graphs in Fig. 8 suggests that in 2011, peak demand declined faster and likewise increased faster in 2012 and for nonpeak demand on the other hand in 2011, declined mildly and as well increased mildly in 2012, leading to some sort of catch-up by peak demand. In the case of peak demand growth in 2013 and 2014, the graph indicates that it was generally linear, positive, and low. On the other hand, growth in nonpeak demand is also linear, positive, and low in 2013 but somewhat doubled in 2014.
Arising from the foregoing explanation of the graphical depiction of the relationship between peak and nonpeak demand before and after January 2013, one can conclude that in 2013 and 2014, there is some observed slight shift in energy demand from peak to nonpeak TOU. To establish reliability of this conclusion, we test if there is a statistically significant difference in the slopes of the curves in Fig. 8 by A B Fig. 8 Polynomials of electricity total peak demand and exports and Umeme sales. a Polynomial graph of electricity total peak demand and export sales. b Polynomial graph of electricity total peak demand and Umeme sales Fig. 9 Fractional polynomials of electricity peak to nonpeak demand performing an ordinary least square (OLS) estimate the relationship between peak and nonpeak demand including the dummy variable and an interaction term between dummy and explanatory variable to control for the situation before and after January 2013. This regression is presented in Table 8 . Results in Table 8 indicate a strong relationship (adjusted R square = 87 %) between peak and nonpeak demand. The dummy and interaction terms are statistically significant (p < 0.01), thereby suggesting that there is a statistically significant difference in the magnitude of the coefficients of the individual regression results that are shown in the lower panel of Table 8 .
The coefficient for the first regression is 1.3 while that for the second regression is 0.51. This implies that in the period January 2011 to December 2012, a unit (1 GWh) increase in nonpeak demand was matched by 1.3 GWh increase in peak demand. On the other hand, in the period January 2013 to August 2014, a unit (1 GWh) increase in nonpeak demand was matched only 0.51 GWh increase in peak demand. This therefore suggests that there might be a decline in peak demand in the later period-which demand has shifted to nonpeak TOU zones, given the fact total energy demand has consistently increased in the reference period.
To conclude that the coefficients 1.30 and 0.51 from the first (M1) and second (M2) regressions, respectively, are statistically different and hence a shift in peak demand to nonpeak TOU zone in 2013 and 2014, an F-test was performed, with the null hypothesis that coefficients of the dummy variable (D) and the interaction term (NP*D) were jointly zero. That is D = 0 and (NP*D) = 0. The results of the test are shown in Table 4 , and the statistic is statistically significant at less than 5 % level ( Table 9 ).
The slight shift in electricity consumption from peak to nonpeak TOU zone may be due to the incentive-based regulatory regime offered by the Electricity Regulatory Authority (ERA) to industrial consumers. The incentive regime involves lower tariffs at off-peak TOU and high tariffs at peak TOU. The other incentives and disincentives to industrial consumers of electricity involve Reactive Energy Reward to industrial consumers with efficient energy using equipment and Reactive Energy Charge to industrialists with inefficient power using equipment. The incentives and disincentive above are besides the maximum demand charges 2 that ERA has set for industrialists.
Relationship between industrial production and domestic peak demand
In Uganda, the industrial sector is the largest consumer of electricity, accounting for up to 65 % of total electricity sales (Fig. 1) . Accordingly, output growth in the industrial sector has the largest effect on electricity consumption in Uganda [28] . In line with this proposition, a regression of the relationship between the index of industrial production (IOP) and domestic peak demand is presented in Fig. 8 and Table 10 .
The polynomial functions in Fig. 10 suggest that there is a somewhat one-to-one relationship between change in IOP and domestic electricity peak demand, much as the deviation of the observations from their mean-as indicated by the scatter seems to be high.
The GLM estimates in Table 10 indicate that the IOP correlates fairly well with average domestic peak demand than with maximum domestic peak demand. Significance levels: *** = significant at the 1% level, ** = significant at the 5% level, *= significant at the 10% level Significance levels: *** = significant at the 1% level, ** = significant at the 5% level, *= significant at the 10% level
In terms of impact, the results indicate that a 10 % increase in the index of industrial production is associated with 6.6 % increase in average domestic peak demand and 5.8 % maximum domestic peak demand spikes in the country. The results are statistically significant at less than 5 % level. Based on this statistical relationship, we can conclude that industrial production is an important driver of peak electricity demand.
Medium term forecast of total peak demand in Uganda
We forecast Uganda's medium term electricity demand based on predicted values from Eq. 1. The forecast of total peak demand based on predicted peak demand was performed using the double exponential smoothing regime given that the predicted values followed a similar trend (Fig. 11) . The forecast considered three scenarios of Uganda's medium term peak demand as follows: normal growth, accelerated growth that is 5 % above the forecasted normal growth, and suboptimal growth that is 2 % below the forecasted normal growth (Fig. 9) . The forecasted normal growth in total electricity peak demand is based on the historical data while the forecasted accelerated growth scenario is based on Uganda Investment Authority (UIA) projections 3 of growth in industries by both local and/or foreign investors in agriculture, construction, and mining especially as the country gears into the development stage of the oil and gas industry.
In the medium term, suboptimal growth in electricity peak demand may materialize if there are significant regional geopolitical risks that may curtail export demand for industrial products. In addition, the completion of energy projects in Uganda's neighboring countries, such as Kenya's Olkaria-Lessos-Kisumu Transmission Lines, may lead a decline in the recent upsurge in Uganda's electricity exports to Kenya (Figure 12 in Appendix). This may to lead to a reduction in electricity peak demand given the previously observed close relationship between electricity exports and peak demand.
Results in Fig. 10 indicate that under the normal growth scenario, electricity peak demand is forecast to rise to 900 MW by January 2021. Under the accelerated growth scenario, our model predicts peak demand to reach an average of 950 MW by January 2021. Finally, under the suboptimal growth scenario, Significance levels: *** = significant at the 1% level, ** = significant at the 5% level, *= significant at the 10% level the model predicts January 2021 peak demand to be 850 MW.
Conclusions
This paper set out to provide insights and forecast in Uganda's electricity peak demand. Specifically, the paper set out to examine the impact of Uganda's energy exports on electricity system peak demand, the impact of industrial production on domestic electricity peak demand, and the likelihood of a shift in electricity peak demand from peak to nonpeak TOU. Furthermore, the paper set to forecast the medium term path of electricity system peak demand up to January 2021. The study used a combination of descriptive and empirical estimations of structural models. Results indicate that the recent upsurge in Uganda's electricity exports, particularly to Kenya, has had a significant bearing on system peak demand. The results also confirm that there is a positive and significant relationship between the industrial production index and domestic peak demand-given that industrial electricity demand is a derived demand-based on economic activity. In the case of a likely shift in peak demand, the results indicate a slight shift in electricity consumption in 2013-2014 from peak to nonpeak time-of-use zone. Finally, results from the forecast model predict that by January 2021, system peak demand will be in a range of 950 MW (accelerated growth scenario) and 850 MW (suboptimal growth scenario).
These results provide a number of conclusions and implications for policy. First, the growth in Uganda's electricity demand in general and peak demand in particular has not stagnated as such but rather partially shifted from peak to nonpeak time-of-use zone. Second, whereas electricity exports bring additional revenues to the electricity transmission system operator, higher exports need to be considered in line with the system capacity given the current electricity spinning reserves of Uganda are less than 15 % of Uganda current installed capacity of about 870 MW. Increased energy security and sufficiency in the export market is likely to reduce power imports from Uganda. Third, the apparent shift in electricity consumption from peak to nonpeak TOU zone, particularly in the industrial sector, is a step in the right direct direction in so far as it reduces the peak load that is likely to be unsustainable in the near future given the country's spinning reserves.
Endnotes
1 The load profile for a typical day is shown in Fig. 7 . 2 For additional information on ERA incentive-based tariffs, visit http://www.era.or.ug/index.php/component/ content/article/94-general/176-umeme-ltd-tariffs. 3 For additional information investment projects coming into Uganda, see for example UIA 2013/14 Investment Abstract at: http://www.ugandainvest.go.ug/wpcontent/uploads/2016/02/investment_abstrac-t_2013_14_revised_Nove_2014.pdf . 
